Use of Monte Carlo simulation to design an optimized pharmacodynamic dosing strategy for meropenem.
Prolonging the infusion of meropenem over 3 hours increases the percentage of the dosing interval that drug concentrations remain above the minimum inhibitory concentration (MIC), thereby maximizing the pharmacodynamics of this agent and adhering to drug stability constraints. Monte Carlo simulation was employed to determine pharmacodynamic target attainment rates for several prolonged infusion (PI) meropenem dosage regimens as compared with the traditional 30-minute infusion (TI) against Enterobacteriaceae, Acinetobacter species, and Pseudomonas aeruginosa populations. Percent time above the MIC (%T>MIC) exposures for 1000 mg TI q8h, 2000 mg TI q8h, 500 mg PI q8h, 1000 mg PI q12h, 1000 mg PI q8h, 2000 mg PI q12h, and 2000 mg PI q8h were simulated for 10,000 subjects. Variability in pharmacokinetic parameters and MIC distributions were derived from studies in healthy volunteers and the MYSTIC surveillance program, respectively. The probabilities of attaining bacteriostatic (30% T>MIC) and bactericidal (50% T>MIC) exposures were high for all dosage regimens against populations of Enterobacteriaceae. Against Acinetobacter species and Pseudomonas aeruginosa, the 2000-mg PI q8h dosage regimen provided the highest target attainment rates. For mild to moderate infections caused by Enterobacteriaceae, prolonged infusion regimens of 500 mg PI q8h and 1000 mg PI q12h would provide equivalent target attainment rates to the traditional 30-minute infusion while requiring less drug over 24 hours. For more serious infections presumably caused by Acinetobacter species or Pseudomonas aeruginosa, a dose of 2000 mg PI q8h is recommended because of its high bactericidal target attainment rate against these pathogens. Further study of these dosage recommendations in clinical trials is suggested.